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Rosetta GaAs solar cells 
Tom Adams 
It was all planned, like mice and men. 
Sometime during the summer of 2o12, a 
spacecraft named Rosetta would catch up 
with the comet Wirtanen some 3o0,00o,oo0 
miles from the sun. Rosetta was to travel 
with the comet for a year of observations and 
experiments. To meet Wirtanen, Rosetta 
would have launched in early January 2003. 
But the failure of Ariane 5-ESCA launch by 
the European Space Agency (ESA) put 
Rosetta first on hold, now on hold for a new 
destination expected to be announced in 
May. Whatever the outcome, Rosetta will 
need the very high efficiency GaAs solar 
cells which ESA chose. Their significant 
advantages over silicon in this role are in 
resistance to radiation and to extremes of 
temperature. 
Rosetta GaAs solar cells 
(welds checl(ed) to head 
for a new target 
Front view of the Rosetta 
primary structure under test 
at Finavicomp, Finland, 
June 1999. 
ESA officials record that Rosetta's flight path has 
not yet been determined. Since "Rosetta can no 
longer reach its original target" a launch "is not 
expected for at least one year at the earliest." 
The Rosetta team is now identifying alternative 
targets that the spacecraft could reach, in a 
launch timeframe of the next two-and-a-half 
years, assembling a shortlist of possible destina- 
t ions.The main issues are scientific return, tech- 
nical risks to the spacecraft, and the added cost 
to carry out the new mission. 
Among the possible targets reported are: Comet 
Wild 2, (to be visited by NASA's Stardust in early 
2004) Churyumov-Gerasimenko, Finlay, Howell, 
and Schwassmann-Wacbmann 2. 
"We have heard all these names, but we have 
to actually spend time looking into them," 
says Paul Weissman, interdisciplinary scientist 
on Rosetta from the Jet Propulsion Laboratory 
CIPL). "Both Churyumov-Gerasimenko and 
Wild 2 are good targets. Both of those are well- 
classified comets and we know quite a bit 
about them and they would be excellent tar- 
gets; the others we know quite a bit less about." 
A final decision on the new target comet and 
mission profile is expected for May 2003 at the 
latest. 
To successfully achieve its eventual mission, 
Rosetta must first survive its launch and flight. 
When it arrives at the comet, its solar cells must 
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generate sufficient power. A primary concern is 
the welding of the solar ceils to their intercon- 
nects. Previous research as shown that solar 
cells, and their welds, do quirk T things when 
exposed to space and the alterantives of dim or 
ecessive light and very high or low tempera- 
tures. To improve the long-term reliability of the 
tiny welds, ESA abandoned previously used sol- 
dering methods, which tend to crack at very low 
temperatures. Instead they selected an ultrason- 
ic welding technique which uses a sonotrode to 
deliver a combination of mechanical pressure 
and ultrasonic energy pulses. Working at fre- 
quencies from 16 to 70kHz to generate both 
high temperatures and friction, the sonotrode 
causes fusion between the solar cell and the 
interconnect 
Research into the success of the welding 
process was carried out at Tecnopolis CSATA 
Novus Ortus in Bari, Italy, by Dr. Giuseppe De 
Liso and his colleagues. Each solar cell (40mm x 
20mm x 0.35mm) is welded to four small inter- 
connects .The area of interest is the eight ultra- 
sonic welds (each 0.13mm x 0.20mm) on each 
interconnect.  In addition to optical examina- 
tion and x-ray, the former which occasionally 
revealed gross defects, the team used reflection- 
mode ultrasound to examine the structure of 
the welds nondestructively. 
The investigators wished to know what effects 
the temperature, pressure, and duration of the 
welding process might have had on the solar 
cells. They were especially interested in any 
damage to the cells or anomalies in the weld 
itself. Both the interconnects and the solar cells 
are somewhat transparent acoustically, so reflec- 
t ion-mode ultrasound could be used to obtain 
images of the weld area without resorting to 
destructive techniques. Sonosean, the US maker 
of acoustic microscopes, has had previous expe- 
r ience in imaging welds on silicon solar cells 
for earth-orbiting satellites. Sonoscan and 
Tecnopolis have worked together before 
Sonoscan certif ied Tecnopolis as an affiliated 
acoustic micro imaging laboratory. 
The acoustic micro imaging system used at 
Tecnopolis has a single scan head which, as it 
travels back and forth above the weld area, 
alternately transmits very high frequency ultra- 
sound into the sample and receives the return 
echoes. When ultrasound is beamed into the 
sample, it may encounter  three classes of inter- 
nal features: 
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• the bulk of the interconnect and of the solar 
cell, through which ultrasound travels easily. 
• the interfaces in the sample, including the top 
surface and the interface between the inter- 
connect and the solar cell. Some ultrasound 
is reflected back to the scan head by inter- 
faces, enabling those interfaces to be imaged. 
Each tiny weld also presents its own interface 
and is imaged. 
• any internal defects. Gap-type defects (delami- 
nations, disbonds, cracks) reflect all of the 
ultrasound back to the scan head, and are 
therefore very strongly imaged. 
Reflection-mode acoustic micro imaging sys- 
tems use ultrasonic frequencies between 
10MHz and 200MHz. As the frequency goes up, 
the penetrating ability of ultrasound ecreases, 
but the spatial resolution increases. The 10 
MHZ frequency, for example, is used to image 
Ideas behind Rosetta intend- 
ed to be tested tracking com- 
ment Wirtanen will first travel 
to Mars in the Mars Express. 
Europe's first planetary mis- 
sion, will be launched in June 
2003 from Baikonur, Kazak- 
hstan. This takes advantage 
of a once in 17 years minimal 
distance time windo~z Built 
by prime contractor Astfiurn, 
involving more than 20 
European companies, it was 
built for half the costs of simi- 
lar, previous missions. 
The industrial team used off- 
the-shelf equipment and 
technology already developed 
for the Rosetta mission. New 
project management and 
more responsibility at the ini- 
tial stages of  the collabora- 
tion with the European Space 
Agency, successfully kept the 
project within the allocated 
time limits and budgets. 
The solar power 30kg Beagle 2 is the smallest, most heavi- 
ly instrumented soft landing spacecraft ever produced. 
The Mars Express lander unit is intended to conduct a full 
suite of life detection experiments on Mars. 
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ESA's first 35-metre deep- 
space ground station, is situ- 
ated at New Norcia, 140 km 
north of Perth, Australia. The 
630 tonne antenna will be 
used to track Rosetta and 
Mars Express, as well as other 
missions in deep space. The 
massive antenna is over 600t 
and over 40 metres high. 
This is the first of a series 
deep space ground stations 
that ESA intends to build to 
make a European deep space 
network. 
Construction of the ~28m 
project began April 2000. The 
last six months of 2002 were 
devoted to testing the 
electronic and communication 
equipment. The station will 
be controlled remotely from 
ESA's Space Operations 
Centre in Darmstadt, 
Germany and the 
Perth International Telecoms 
Centre at Gnangara. 
PV cells currently being 
used are dual junction 
and triple junction 
GaAs cells, with two or 
three layers. 
The solar cells are a 
sufficiently recent 
development that the 
European Space 
Agency ESA) has yet to 
use them in space. 
The first EU space 
application will be at 
the end of next year 
when the SMART-1 
lunar mission is 
launched in July. 
SMART-1 will also test 
a solar powered ion 
engine. 
RWE Solar GmbH 
(formerly ASE), is 
Europe's largest 
producer of solar cells 
for space. It is now 
preparing for 
large-scale production 
of triple-junction GaAs 
based solar cells for 
space applications, at 
its plant in Heilbronn, 
Germany. 
The ESA will use them 
in spacecraft such as 
PROBA-2 for 
technology develop- 
ment, GOCE for chart- 
ing the Earth's gravity, 
and Herschel and 
Planck for astronomy. 
the entire thickness of relatively robust plastic 
1C packages, whi lst  a th inner  IC package, such 
as aTSOR might be imaged at 30 MHz. Because 
of the relative th inness of the solar cell assem- 
bly, De Liso and his colleagues were able to use 
the h igh acoustic frequencies of 50 MHz and 
100 MHz. 
The operator of the system usually 'gates' the 
return echoes electronically to limit internal 
imaging to a specific level or layer within the 
sample. He can do this because the return 
echoes are separated in time; by setting his gate 
properly, the operator produces the acoustic 
image only from those echoes returning from the 
level of interest. Echoes from other levels in the 
sample are ignored. 
The investigating team first imaged a reference 
weld sample wh ich  had no defects. A br ight 
rectangle is the interconnect ;  eight dark struc- 
tures are the welds. Each individual weld is very 
distinct and marked by a dark outl ine (the 
acoustic 'edge effect') and a very br ight centre 
area.The br ight centre area indicates posit ive 
polarity in this region - that is, the ultrasound 
travelled from a region of lower acoustic veloc- 
ity (the interconnect)  o a region of h igher 
acoustic velocity (the weld). In a 100 MHz 
acoustic image of a defective weld area 
a l though the locations of the individual welds 
are vaguely visible, the very strong ref lect ion 
from this area indicates one large and two 
smaller delaminations wh ich  do not extend 
beyond the weld area proper. 
The same solar cell was subsequent ly imaged 
wi th  Scanning Optical Microscopy (SOM), using 
a Nd:YAG laser to wh ich  GaAs is transparent.  
A l though SOM cannot  image good welds, it 
can determine whether  the welding process 
has created a r ipple in the gold layer on the 
GaAs, and whether  the crystal itself has been 
damaged. The SOM image showed a distort ion 
in the gold layer corresponding nicely to the 
acoustic image of the delamination. In addition, 
small dark areas showed where  the same 
excess sonotrode pressure damaged the GaAs 
crystal. 
The 50 MHz acoustic image of a different 
weld area shows no delaminat ion is visible. 
But two welds at lower r ight appear, acoustical- 
ly, to be missing.The two welds at lower left 
are of substandard size. To investigate this 
anomaly, researchers sect ioned the solar cell 
and interconnect  through the lower row of 
welds.The results in the 200x optical micro- 
scope image showed a crack existed between 
the in terconnect  and the solar cell, probably 
caused by improper  pressure of the sonotrode, 
wh ich  prevented welds from being made in 
this area. 
In character is ing the welding process to be 
used wi th  the solar cells, Dr. De Liso and his 
group have encountered  these and other  types 
of anomalies. The knowledge they are gaining 
about  techniques to weld the cells and their  
interconnects  successfully will be put  to work 
when the Rosetta spacecraft final meets it 
comet.  
For now, Rosetta is stored away, "safely and 
cleanly, unti l  it is called upon." Engineers will 
remove all batteries, take off the lander har- 
poons,  and drain the fuel tanks. "The same care 
that went  into bui lding the spacecraft  will now 
be appl ied to storing it and making sure that it 
will be in perfect shape for us to launch it 
when the date comes," says John Ellwood, 
Rosetta's Project Manager. 
The cost of grounding the mission was some- 
where  between C50 -100m. 
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